SUMMARY. The membrane currents of single ventricular cells were measured under whole cell voltage clamp using a giga-sealed patch electrode, and the effects of intracellular acidification were examined by perfusing the electrode pipette with different pH solutions. The plateau of the action potential was shortened when the pH of the pipette solution was lowered from the control of 7.2 to 6, and finally to 5. The pH 6 pipette solution evoked a time-independent outward current at positive potentials and increased the slope conductance near the resting potential. These changes were suppressed by removal of both intra-and extracellular potassium ion, indicating that these currents were carried by potassium ions, but not by protons. Increasing the caltium concentration in the pipette from pCa 8 to pCa 6 induced a time-dependent outward current which had a reversal potential of about -13 mV. This result clearly differed from the changes induced by the addic pipette solution, suggesting that the caldum-mediated conductance was not involved in the genesis of the addic effects. The caldum current was not significantly affected by perfusion at pH 6, but was decreased by the more addic (pH 5) solution. When the caldum current was recorded in sodium-and potassium-free external solution but with a cesium-rich internal solution, however, the caldum current was suppressed even with a weak addic (pH 6.8) pipette solution. This effect was attributed not to an increased sensitivity of the caldum channel to protons, but to a more extensive intracellular addification, which might have been caused by a depressed extrusion of proton via a sodium-hydrogen exchange mechanism on the surface membrane. (CircRes 57: 553-561, 1985) 
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From the National Institute for Physiological Sciences, Myodaiji, Okazaki, Japan SUMMARY. The membrane currents of single ventricular cells were measured under whole cell voltage clamp using a giga-sealed patch electrode, and the effects of intracellular acidification were examined by perfusing the electrode pipette with different pH solutions. The plateau of the action potential was shortened when the pH of the pipette solution was lowered from the control of 7.2 to 6, and finally to 5. The pH 6 pipette solution evoked a time-independent outward current at positive potentials and increased the slope conductance near the resting potential. These changes were suppressed by removal of both intra-and extracellular potassium ion, indicating that these currents were carried by potassium ions, but not by protons. Increasing the caltium concentration in the pipette from pCa 8 to pCa 6 induced a time-dependent outward current which had a reversal potential of about -13 mV. This result clearly differed from the changes induced by the addic pipette solution, suggesting that the caldum-mediated conductance was not involved in the genesis of the addic effects. The caldum current was not significantly affected by perfusion at pH 6, but was decreased by the more addic (pH 5) solution. When the caldum current was recorded in sodium-and potassium-free external solution but with a cesium-rich internal solution, however, the caldum current was suppressed even with a weak addic (pH 6.8) pipette solution. This effect was attributed not to an increased sensitivity of the caldum channel to protons, but to a more extensive intracellular addification, which might have been caused by a depressed extrusion of proton via a sodium-hydrogen exchange mechanism on the surface membrane. (CircRes 57: 553-561, 1985) THE effects of protons on cardiac muscle have been investigated largely by lowering the pH of an external solution (Chesnais et al., 1975; Kohlhardt et al., 1976; Vogel and Sperelakis, 1977; Brown et al., 1978) , whereas relatively few experiments have examined the intracellular pH effect (Kurachi, 1982) . This may reflect the difficulty in applying protons directly inside cardiac cells. Recently, however, it has been demonstrated that protons affect ionic channels. For example, intracellular protons block the inward rectifier potassium current (Moody and Hagiwara, 1982; Blatz, 1984) and the calcium current (Kurachi, 1982) . Furthermore, protpns themselves carry an ionic current as demonstrated in ganglionic cells and oocytes (Barish and Baud, 1984; . In addition to these direct effects, intracellular acidification may also cause changes in membrane currents indirectly by disturbing the homeostatic control of the intracellular Ca" 1^ and Na + concentrations (Lea and Ashley, 1981; Bers and Ellis, 1982; Vaughan-Jones et al., 1983 ). An increase in the Ca" 1 " 1 " concentration is known to cause depression of the calcium current (Kokubun and Irisawa, 1984) and activation of the nonselective cation channels (Colquhoun et al., 1981; Matsuda, 1983) , whereas increased Na + causes activation of a potassium channel (Kameyama et al., 1984) . Intracellular acidification may also lead to impairment of glucose metabolism (Williamson et al., 1976 ; for review, see Roos and Boron, 1981) , resulting in a decrease in intracellular adenosine triphosphate (ATP) level. This may activate the ATP-regulated potassium channel (Noma, 1983; Trube and Hescheler, 1984) , and may also cause a shortage of energy supply for the Na + -K + pump activity, which could induce the accumulation of intracellular Na + and Ca ++ . In the present study, an intracellular dialysis method using a giga-sealed patch electrode with a relatively large tip size [3-5 ^m (Matsuda and Noma, 1984) ] was applied to single ventricular cells. Ethyleneglycol-bis-(/9-aminoethylether)-N,N'-tetraacetic acid (EGTA) and ATP were thereby allowed to diffuse into the cytoplasm from the pipette to reduce the above-described secondary effects. It was found that perfusion of the pH 6 solution increased the outward potassium currents, whose characteristics were different from those of the calciumactivated current. The potassium and calcium currents were irreversibly depressed with a more acidic (pH 5) solution. In sodium-free external solution, however, the calcium current was largely suppressed during perfusion at pH 6.8. The possible existence of an Na-H exchange mechanism in the cardiac cell is therefore discussed.
previously (Taniguchi et al., 1981; Isenberg and JGockner, 1982) . Briefly, collagenase (0.04% wt/vol, Sigma type 1) in nominally calcium-free Tyrode's solution was perfused for 40-60 minutes through the coronary artery with a Langendorff apparatus. The heart was then stored in highpotassium, low-chloride solution (4°C) for later use. A small piece of ventricular tissue was dissected and gently agitated in the recording chamber filled with control Tyrode's solution. Cells showing a rod shape and clear striations without any blebs on the surface were used for the experiments.
Electrical Measurements
The action potential and the whole-cell membrane currents were recorded by the patch clamp method (Hamill et al., 1981) , using electrodes with a diameter of 3-5 ^m and a resistance of 0.6-1.3 Mil, when filled with the control Tyrode's solution. A conventional microelectrode amplifier was employed for the current clamp experiment. The head stage of the voltage clamp circuit was set up with an ultra-low bias current operational amplifier (B.B. 3523J). The patch electrode was connected to the negative input with a feedback register of 100 Mil The series resistance arising mainly at the electrode tip was compensated by summing the fraction of the converted current signal to the command potential, which was fed to the positive input of the operational amplifier. For the detailed circuit of the amplifier, see Ohara et al. (1983) . The adequacy of the voltage control has been tested previously (Matsuda and Noma, 1984) . A suction pipette filled with the control Tyrode's solution was mounted on a perfusion device, and fixed to the manipulator (Leitz).
The pipette potential was adjusted to give zero current in the normal Tyrode's solution in the recording chamber. The electrode tip was positioned on the cell surface near the center of the single cell under an inverted microscope (X400, Nikon TMD). When a seal resistance of 10-100 Gfl was established on the cell surface by applying a suction of -10 to -30 cm H 2 O, the pipette solution was changed to the control internal solution. After waiting for several minutes to ensure complete change of the intrapipette solution, the cell membrane was ruptured by applying a brief stronger suction. Rupture was indicated by a large increase in the capacitive currents. The current and voltage signals were stored on magnetic tape (TEAC, R-210) for subsequent computer analysis (Hitachi, E-600).
Intracellular Dialysis
The perfusion device for the patch electrode has been described elsewhere (Soejima and Noma, 1984; Matsuda and Noma, 1984) . Briefly, the test internal solution was perfused from the plastic container ( Fig. lA-a, b) to the electrode through a fine polyethylene rube with a negative pressure of 40-50 cm H 2 O. The flow rate was approximately 0.06 ml/min, counted as drops in the waste chamber. About three drops (0.1 ml) of the fluid were sufficient to exchange intrapiperte fluid completely. The efficiency of dialysis was evaluated by a Cs + -loading experiment (Fig. IB) . After the membrane patch was disrupted, the potential was set at -30 mV and the decay of the outward holding current was registered which lasted 2-3 minutes, with a half decay time of 1.2 ± 0.4 min (n = 8). The decay curve corresponded to the diffusion of Cs + into the cell and that of K + out of the cell. Matsuda and Noma (1984) ' ions were applied to the cell interior using an acidic or 1 /*M Ca^-containing intrapiperte solution, the possible Na + -H + or Na + -Ca + exchange system and leakage of ions through the surface membrane may partially balance the influx of these ions from the patch electrode. In fact, found an inadequacy of control of the intracellular calcium concentration (Ca^ in the internally perfused molluscan neuron, from direct measurements of Cai. It is difficult, therefore, to estimate the intracellular pH or pCa during the internal dialysis. However, the effect of loading the cell interior with H + or Ca ++ on the membrane current was clearly resolved, as is demonstrated below in the Results. Several other observations suggested that Cai was kept at a low level when 5 mM EGTA was added to the internal solution. When transient inward currents (Matsuda et al., 1982) were observed after rupture of the membrane, they were depressed within 1-2 minutes in the presence of 5 mM EGTA in the pipette. In addition, when the external Na was removed, the internally dialyzed cell remained relaxed, whereas nondialyzed cells in the recording chamber began repetitive wriggling and mostly collapsed with contracture, probably due to a Ca** overload, through the Na-Ca exchange mechanism. The amplitude and time course of the calcium current remained almost constant during the process of depletion of external N a .
Solutions
The control Tyrode's solution contained (in mM): NaCl, 136.5: KC1, 5.4; CaCla, 1.8; MgClz, 0.53; glucose, 5.5; and N-2-Hydroxyethylpiperazine-N'-2-ethanesulfonic acid
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(HEPES)-NaOH buffer, 5.5 (pH 7.4). In the sodium-free Tyrode's solution, Na + was replaced with equimolar Tris. The control internal solution contained (in mM): potassium aspartate, 130; KC1, 20; KH 2 PO 4 , 1; MgCl^ 1; adenosine 5'-triphosphate (ATP; dipotassium salt, Sigma), 5; EGTA, 5; and HEPES-KOH buffer, 5 (pH 7.2). Various acidic internal solutions were prepared by varying the amount of KOH used for titration. In some experiments, piperazine-N,N'-bis(2-ethanesulfonic acid (PIPES) or 2-(N-morpholino)ethanesulfonic acid (MES) was employed instead of HEPES buffer, but no significant difference in the effects on the membrane currents was observed among these three buffers. When the intracellular K + was replaced with Cs + , the internal solution contained (in ITLM): cesium aspartate, 130; CsCl, 20; KH 2 PO 4 , 1; MgCIz, 1; ATP, 5; EGTA, 5; and HEPES, 5 (pH 7.2). When the freeCa** concentration of pCa 6 in both the pH 7.2 and pH 6 internal solutions was prepared, the amount of added calcium was calculated on the basis of the apparent stability constants for calcium-EGTA, calcium-ATP, magnesium-EGTA, and magnesium-ATP which were given by the program11 no. 1 provided by Fabiato and Fabiato (1979) . The Ca""" concentration was also measured with a conventional Ca^-sensitive electrode (model 90-01; Orion Research Microprocessor pH/millivolt meter 811). The calculated value of pCa 6, which was prepared for calibration of the electrode, agreed well with the measured value obtained with the calcium electrode. In experiments in which the effect of pH 5 solution was examined, the concentration of Ca** of the control7 and pH 5 solutions was adjusted to about 5 X 10~ M.
All experiments were performed at 35-36°C. The results are expressed as means ± SD.
Results

Effects of intracellular Acidification on the Action Potential
When the pH of the pipette solution was lowered from 7.2 (control) to 6.0, the action potential was shortened (Fig. 2B ) and the resting membrane slightly hyperpolarized (Fig. 2D ), but no significant change in amplitude was observed ( Fig. 2A) . These changes usually occurred within 5 minutes after the pipette solution had been changed and the action
potential had reached a new steady state. The duration of the action potential measured at 90% repolarization decreased by 83 ± 24 msec from the control value of 333 ± 89 msec (n = 5). The resting potential was increased in all five experiments by an average of 1.6 ± 1.2 mV from the control level of -74.4 ± 7.5 mV. The amplitude of the action potential was 132 ± 13.5 mV in the control and 127 ± 1 1 . 3 mV with the pH 6 internal solution. When the pH 5 internal solution was used for perfusion, the duration and amplitude of the action potential were decreased and the resting membrane depolarized progressively.
To examine the membrane currents underlying these changes in action potential, acidic internal solutions were perfused under whole cell voltage clamp.
Changes in Membrane Currents Induced by pH 6 Internal Solution
Gradual changes in the membrane current were monitored by applying constant depolarizing clamp pulses of 40 mV from a holding potential of -30 mV every 10-20 seconds after starting the intrapipette perfusion of acid. The current-voltage (I-V) relations were measured after the holding current had reached a new steady state. Figure 3A shows the membrane currents in response to a series of clamp pulses during perfusion using pH 7.2 (left column) and pH 6.0 internal solution (right column). The I-V relations in Figure 3B were measured at the peak of the initial current (filled symbols) and at the end of the clamp pulse (open symbols). At the holding potential of -3 0 mV, the current was 1-2 nA outward and the sodium channel was almost completely inactivated. The inactivation of the sodium channel was demonstrated by the fact that the inward current was abolished after superfusion of D-600 (1 HM) to the bath solution. The peak amplitude of the calcium current in the I-V curve was slightly decreased (from 3.2 to 2.9 nA) and the peak potential at around +5 mV in the control was shifted to about +10 mV by changing the pH from 7.2 to 6.0. When the amplitude of the calcium current was measured as the difference between the initial peak and the level at 100 msec into the clamp pulse, however, the peak amplitude of the calcium current did not change significantly in five experiments (3.1 ± 0.3 nA in the control and 3.1 ± 1.2 nA with pH 6.0 solution). The shift of the peak potential along the voltage axis was less than 10 mV, and was always in the positive direction. During the intracellular acidification, an increase in the outward current was evident at positive potentials in the 330-msec isochronal I-V curve.
The increase was examined by subtracting the control current records from those obtained during the acidification. The difference in currents was almost flat during the clamp pulse, as shown in Figure 3C , indicating that the increase in outward current was not due to an increase in a time-dependent current, but due to a time-independent component. A time-independent increase in the outward current has also been observed in acid-injection experiments (Kurachi, 1982) . The shortening of the action potential induced by perfusion of the pH 6 internal solution could be due to this increased timeindependent outward current at the plateau (positive) potentials. The conductance increase around the resting potential was also examined in a similar manner (-70 mV). The difference current failed to reveal a significant time-dependent change, in spite of the fact that the apparent relaxation of the current at -70 mV became prominent with the pH 6 internal solution (Fig. 3A, bottom trace) . The voltage relation of the difference current in part C exhibited a marked inward-going rectification in the negative potential range, which is typical in the inward rectifier potassium current, i K i. It is likely, therefore, that the inward rectifier potassium current may also be increased by the pH 6 internal solution, thus leading to slight hyperpolarization of the resting membrane.
This was supported by experiments in which the inward rectifier potassium channels were blocked by Ba" 1^ prior to the intracellular application of H + ions. Almost complete blockade of the inward rectification was indicated by a dramatic reduction in both the holding current (-30 mV) and the current during hyperpolarizing pulses. In this condition, no current change was observed in the negative potential range during perfusion with pH 6 internal solution ( Fig. 4A-a, b and Fig. 4B) , whereas, at positive -70mV potentials, an increase in the outward current was noted (Fig. 4A-c and Fig. 4B) . Thus, the pH 6-induced current at positive potentials is different from that at negative potentials. Figure 4 also shows that the amplitude of the calcium current at a clamp pulse of 10 mV was unchanged with a pipette solution of pH 6. We confirmed this experimental result in five different cells.
Ionic Nature of the Acid-Induced Outward Current
If the outward current induced by intracellular acidification at positive potentials was carried by K + , it would not appear when K + was removed from both the internal and external media. To test this possibility, we replaced the K + in the pH 7.2 and 6 internal solutions with equimolar Cs + , and omitted the K + in the external solution. The control I-V curve revealed an almost linear leakage conductance on hyperpolarization, as shown in Figure 5 . The outward current on the I-V curve at positive potentials is probably carried by Cs + through nonspecific channels, becoming activated at positive potentials (Matsuda and Noma, 1984) . Under these conditions, perfusion with the pH 6 potassium-free solution for more than 20 minutes failed to induce any appreciable changes in the time course of the current records (Fig. 5A ) or in the I-V relations (part B). These findings were consistent in three experiments. Similar results were obtained when the effect of internal acidification was tested after the external Na + had been replaced by Tris + and the external K + had been removed (see Fig. 8 ). These data suggest that the current changes induced by acidification shown in Figure 3C were carried by K + . It should be noted that the above findings differ from those obtained with ganglionic cells or oocytes Barish and Baud, 1984) , where intracellular acid induced a time-dependent outward current even in potassium-free media, so being attributed to a proton current. The proton current appears to be insignificant in the case of ventricular cells.
Comparison with the Calcium-Mediated Conductance
The above results indicate that an increased potassium conductance might be induced directly by protons affecting ionic channels. As an alternative possibility, however, an increase in calcium-mediated potassium conductance could be suggested, since the buffer mechanisms of the intracellular Ca ++ are closely linked to the intracellular pH, so that increased intracellular protons could have increased the free Ca ++ in the cell. To test this assumption, we increased the calcium concentration of the pipette solution to near pCa 6, which may elevate Ca i to a significantly higher level than the control. After switching the pipette solution, the amplitude of the time-dependent outward current gradually increased and reached a new steady state, as revealed by giving the repetitive clamp pulses of 40 mV from a holding potential of -30 mV every 20 seconds. The membrane currents obtained in the control internal solution were compared with those recorded about 10 minutes after perfusing the higher calcium internal solution (Fig. 6A) . The corresponding I-V curves are shown in Figure 6B . The higher calcium (near pCa 6) internal solution led to an increased outward current at positive potentials as shown in the 330-msec isochronal I-V curve, but the properties of this current component were apparently different from those of the acid-induced current. The calcium-induced current obtained by subtracting the traces at the low control pCa from those at the higher calcium level revealed a timedependent component in the positive voltage range, as shown in Figure 6C . This current gradually increased during the depolarizing pulses, and a slow outward current tail was dearly seen on repolarization. No negative slope was observed in the I-V curve for the calcium-induced current in contrast to the acid-induced current, which revealed a marked inward-going rectification at negative potentials (Fig. 3C) . Instead, the I-V curve for the calcium- induced current showed a reversal potential at -13 mV. In two other cases, the reversal potential was -14 mV and -15 mV. These characteristics of the calcium-induced current closely resembled those induced by the injection of Ca" 1 "* through a microelectrode (Matsuda, 1983) . The calcium-induced current may be generated by nonselective cation channels activated by intracellular Ca ++ (Colquhoun et al., 1981) . The above observations suggest that the acidinduced potassium currents are not generated secondary to an increase in the intracellular Ca ++ concentration.
Depression of Membrane Currents by pH 5 Internal Solution
The increase in outward current induced by the perfusion of pH 6 solution was unexpected, since the inward rectifier potassium channel in skeletal muscle or in oocytes is directly blocked when the intracellular pH is lowered below 6 (Moody and Hagjwara, 1982; Blatz, 1984) . This discrepancy suggests that there might be a buffering system in the cell which tends to prevent the intracellular pH from being equilibrated at the pH of the pipette solution. To test this possibility, we made the internal solution more acidic, to pH 5.0. After the pipette solution was switched from the control of pH 7.2 to pH 5, an initial transient increase in the outward current was followed by a progressive decrease of all membrane currents in three experiments. The initial I-V relations in Figure 7B indicate a decrease in the Ca ++ current, and the 330-msec isochronal I-V curves show a decrease of the outward current at positive potentials, as well as a decrease of the resting potassium conductance, which is mostly generated by inward rectifier potassium channels Sakmann and Trube, 1984) . These results strongly suggest the existence of some pH buffer system within the cell.
Acid-Induced Depression of the Calcium Current in Sodium-Free Solutions
It has been shown that Na + gradient dependent Na + -H + exchange is present in heart cells (Ellis and MacLeod, 1985; Piwnica-Worms et al., 1985) . To prevent possible Na + -H + exchange and also to isolate the calcium current, Na + was depleted from the external solution. The effect of pH was examined where the amplitude of the calcium current remained almost constant after the bathing solution was changed from the control Tyrode's solution to the sodium-free potassium-free Tyrode's solution. After a stable calcium current under the sodium-free and potassium-free conditions had been recorded for more than 10 minutes, the pipette solution was changed to pH 6.8 solution. As shown in Figure 8B , the amplitude of the calcium current progressively 559 decreased, and it recovered slowly when the pipette solution was returned to pH 7.2. The amplitudes of the calcium current recorded at different times are plotted against the damp potentials, in Figure 8C . The calcium current was depressed, but the threshold potential and the peak potential were not significantly changed.
When more acidic pipette solutions (pH 6.0) were employed, the calcium current was abolished within 5 minutes and did not recover at all. The mechanism of this augmented sensitivity of the calcium current to acidic internal perfusion may be attributable to a more extensive acidification of the intracellular media in the absence than in the presence of external Na + , possibly indicating the existence of an Na + -H + exchange system.
Discussion
Internal dialysis of a single ventricular cell with pH 6 solution induced a time-independent outward potassium current at positive potentials and increased the potassium conductance at around the resting potential (Fig. 2) . The latter component showed an inward-going rectification similar to that of the inward rectifier potassium current and may be responsible for the slight hyperpolarization induced by acid perfusion. The former component may be responsible for the shortening of the action potential. The acid-induced outward current at positive potentials could not be due to an increased nonspecific current system, since it was suppressed when the intracellular K + was replaced with Cs + . The nonspecific current is carried not only by K but also by Cs + (Byerly and Hagiwara, 1982) . Involvement of the calcium-mediated nonselective conductance was excluded from the genesis of the acid-induced outward currents, because the calcium-mediated conductance showed a quite different I-V curve (Fig. 6) .
The increase in the outward current during the perfusion of pH 6 solution may not be induced secondary to changes in the intracellular cation concentrations. Furthermore, if the calcium-induced current having a reversal potential of about -13 mV (Fig. 6 ) is assumed to be generated with one current system, it cannot be a pure potassium current in contrast to the acid-induced outward potassium current. Involvement of the sodium-activated potassium channel (Kameyama et al., 1984) in the genesis of the acid-induced potassium current is unlikely, since the increase in outward current was observed even in the absence of Na + . It is also unlikely that the acid-induced potassium current was generated by ATP-regulated potassium channels. Activation of the ATP-regulated potassium channel was not observed when the pipette solution contained more than 2 mM ATP, where the ATP production within the cell was blocked by applying CN~ and by depleting glucose (Noma and Shibasaki, 1985) .
When acidic solutions of pH 5 were used for perfusion, the calcium current, delayed potassium current, inward rectifier potassium current and acidinduced potassium currents all were depressed. These findings were consistent with the observed depression of the inward rectifier potassium current induced by intracellular acidification in skeletal muscle or in oocytes (Moody and Hagiwara, 1982; Blatz, 1984) , and the depression of the calcium current by microinjection of acid solution (Kurachi, 1982) . However, with the present technique of internal dialysis, stronger acidic solutions were necessary to depress the currents in the presence of external Na + . When the external Na + was removed, the calcium current was extensively depressed even with perfusion at pH 6.8 (Fig. 8) . Using the same technique, Matsuda and Noma (1984) observed no significant change in either the amplitude or kinetics of the+ calcium current by removal of the external N a , suggesting that the characteristics of the calcium channel are unchanged. It seems unlikely, therefore, that the sensitivity of the calcium channel to proton is increased by the removal of external Na . Alternatively, these findings could indicate that the proton diffusing from the pipette solution is removed by some exchange mechanisms more efficiently in the presence+ of external Na than in the absence of N a . As a candidate for+ such+ a process, sodium gradient dependent N a -H exchange mechanisms are known in Purkinje fibers (Ellis and MacLeod, 1985) and in cultured heart cells (PiwnicaWorms et al., 1985) . Under conditions where extrusion of H + by the Na + -H + exchange mechanism was suppressed by Circulation Research/Vol. 57, No. 4, October 1985 replacing all extracellular Na + with Tris + , the time course of depression of the calcium current was still sigmoid with a delay. Apparently such a time delay was not observed when the internal K + was replaced with Cs + (see Fig. 1 , inset, and also Matsuda and Noma, 1984) . This may indicate the presence of other intracellular buffering mechanisms of pH in the ventricular cell.
A short comparison of the effects on calcium current of intracellular and extracellular low pH will now be discussed. After perfusion of acidic solution in the pipette for more than 10 minutes under sodium-free Tyrode's solution even pH 6.8 solution caused depression of io to 20% of the control (Fig.  8) . On the other hand, in the case of extracellular acidification, the slow inward current has been found to be reduced to 40% of the control with pH 5.6 in frog atrial fibers (Chesnais et al., 1975) , to 33% with pH 5.5 in cat ventricular preparations (Kohlhardt et al., 1976) , and to about 55% in rat single ventricular cells (Yatani and Goto, 1983 ). If we assume that the intracellular pH changes by 0.23 pH units/pHo unit change, according to measurements in Purkinje fibers by perfusing nominally bicarbonate-free, HEPES buffer Tyrode's solution (Deitmer and Ellis, 1980) , the intracellular pH under a pH 5.5-6.0 bath solution can be calculated as 6.8-6.9 in nondialyzed cells. It would seem possible, therefore, that the observed depressant effects of extracellular acidosis on the calcium current could be attributed to the accompanying intiacellular acidification. The idea that extracellular acidification reduces the calcium current by lowering the intracellular pH has also been indicated for starfish oocytes (Moody and Hagiwara, 1982) .
